PURPOSE Escalated BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone) improves overall survival (OS) in patients with Hodgkin lymphoma (HL) relative to ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) therapy. However, the associated higher cost and toxicity discourage clinicians from prescribing it. Identifying high-risk patients and administering escalated BEACOPP remains an effective strategy. We assessed the significance of interim positron emission tomography (iPET) scan after 2 cycles (iPET2) in identifying this high-risk subset.
INTRODUCTION
Hodgkin lymphoma (HL) accounts for approximately 10% of all lymphomas, with excellent long-term cure rates. 1 The ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) combination yields a complete response (CR) rate of 75% and an overall survival (OS) rate of 73% and has been considered a standard regimen for several decades. 2, 3 However, ABVD fails to result in remission in 20% to 30% of patients with HL, who then require salvage chemotherapy and transplantation. Intensive regimens like dose-escalated BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; [EB]) have shown better cure rates versus ABVD but are rarely used because of increased treatmentrelated mortality and morbidity. [4] [5] [6] Therefore, it is important to identify patients with high risk of unfavorable outcome and treat them with intense regimens such as EB is important.
International Prognostic Score (IPS7) and modified scoring system (IPS3) are used for prognostication, but they do not demarcate risk groups sufficiently to justify deviation from standard ABVD therapy. [7] [8] [9] [10] More recently, an interim positron emission tomography (iPET)/ computed tomography (CT) scan performed after 2 cycles of ABVD therapy (iPET2) was reported to be a better prognosticator than IPS. 11, 12 In India, younger age, male preponderance, and increased frequency of mixed cellularity are the major features of the disease. [13] [14] [15] [16] [17] [18] [19] [20] [21] This study was conducted to provide real-world evidence of the role of iPET2 in the management of HL and analyze various factors predicting its outcome.
PATIENTS AND METHODS

Study Design
This was a cohort study involving secondary data.
Setting Study sites. The study was conducted in 12 private tertiary care centers across 3 states in South India (Tamil Nadu, Andhra Pradesh, and Karnataka; Appendix Table A1 ). Patients either paid out of pocket or were covered under the state-funded or private health insurance schemes.
Routine diagnosis and management of HL. All patients required histopathologic diagnosis with excisional nodal, core needle, or bone marrow biopsy. Morphologic evaluation and classification of the patients were performed using the revised European-American lymphoma classification. 22 The workup included documentation of presenting complaints, including B symptoms (unexplained fever, . 10% weight loss, and/or drenching night sweats), physical examination, and investigation reports (Appendix; Appendix Table A2 ). Stage was assigned based on the Ann Arbor staging system with Cotswolds modifications and determined using clinical examination and CT and/or PET scan. 23 Early-stage prognostic grouping included stages I, IIA, IX, and IIX, and advanced-stage grouping included stages IB, IIB, III, and IV. Treatment strategy was in accordance with National Comprehensive Cancer Network guidelines. 24 All patients received chemotherapy in a daycare facility as outpatients. ABVD was delivered as per the original schedule, 2 EB according to the HD-9 study, 25 and BEA-COPP-14 as per the RATHL study. 26 Interim response assessment was performed using PET or CT imaging after 2 or 4 cycles based on clinician opinion and institutional policy. iPET2 was performed 2 to 3 days before the third cycle of chemotherapy. Repeat PET or CT imaging was performed at the end of treatment. PET images were interpreted by an experienced nuclear medicine physician at the particular center, and no second review or central review was performed in our study. CT and PET scan reporting was based on the Lugano recommendation for response assessment, and PET images were scored according to the 5-point Deauville score. 11, 12 CR based on PET imaging was defined as a Deauville score of 1, 2, and 3 on interim scans and a score of 1 or 2 at the end-of-treatment scan. On the basis of CT scan findings, CR was defined as complete disappearance of all clinical and radiologic evidence of disease; partial response (PR) was defined as a 50% reduction in tumor area (the product of the 2 longest diameters) but less than that in a CR. Appearance of a new lesion or a 50% increase in an existing lesion was considered progressive disease (PD). All other responses were considered stable disease. 11, 12 Patients who did not achieve CR after 2 cycles of ABVD, had bulky disease at presentation, had early-stage disease, and had residual disease at the end of treatment were considered for consolidation radiotherapy (RT). After completing treatment, patients were observed as per the institution policy.
HL electronic database. A list of all newly registered patients with HL was prepared from patient case records, outpatient department files, and investigation reports. This was captured in an electronic database using online Google forms in all 12 tertiary care centers. A check for missing data was conducted every month, and the database was updated after referring to the paper-based records.
Study Population
The study population included all patients diagnosed with and initiating treatment for HL between January 1, 2008,
CONTEXT
Key Objective
Although dose-escalated BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; EB) improves outcome in Hodgkin lymphoma (HL), it is not widely used because of cost and toxicity. Identifying high-risk patients and treating them with EB should be the norm. We evaluated the efficacy of positron emission tomography (PET) scanning in identifying this high-risk subset in a real-world setting. Knowledge Generated Four of every 6 patients were staged with PET, and we noticed more stage IV disease and skeletal involvement with PET than with computed tomography-based staging. The 5-year event-free and overall survival rates of the entire cohort were 78% and 97%, respectively. Patients with positive interim PET after 2 cycles of first-line therapy (iPET2) had a 5-time increased risk of unfavorable outcome than iPET2-negative patients. International Prognostic Score-based risk showed no correlation with survival. Relevance PET for patients with HL for both staging and response assessment at 2 months is recommended. Not achieving complete remission on iPET2 indicates poor prognosis, and such patients may benefit from treatment intensification.
and October 31, 2018. They were observed on record until December 31, 2018 (date of censoring). Patients with nodular lymphocyte-predominant HL were excluded from the study.
Data Variables and Sources
Variables extracted from the electronic database included name of treating center, patient ID, age, stage, sex, B symptoms, site of lymphadenopathy, albumin level, erythrocyte sedimentation rate, IPS, histology, extranodal sites, WBC count, absolute lymphocyte count, mediastinal involvement, interim and end-of-treatment response, treatment modifications with iPET2, and outcome (alive and in remission, relapse, death, or lost to follow-up). Date of diagnosis, treatment initiation of ABVD, iPET, and outcome or censoring (whichever was earlier) were also collected.
An event (unfavorable outcome) was defined as relapse after previous CR, progression after documenting PR or PD on CT scan assessments during treatment, or death resulting from any cause or treatment failure, whichever occurred first. Not achieving CR on the last date of follow-up was considered treatment failure. If a patient had a relapse followed by loss to follow-up or death, the outcome was documented as relapse. Loss to follow-up was defined as missing 2 scheduled visits to the center and not responding to telephonic reminders. The date of last visit to the center was considered the date of loss to follow-up. Patients who were lost to follow-up were censored and not considered for analysis after the date of loss to follow-up. The primary end point was event-free survival (EFS), which was calculated from the date of diagnosis to the date of occurrence of the event. The secondary end point was OS, defined as time from diagnosis until death resulting from any cause or censored at the date of last information of the patient being alive.
Data Analysis
Data were analyzed using STATA (version 12.1; STATA, College Station, TX). Incidence rates of events per 100 person-years of follow-up were calculated. The 2-and 5-year EFS and 2-and 5-year OS rates were calculated. Crude and adjusted hazard ratios were calculated using Cox proportional hazards regression to determine the risk factors for events. Among those undergoing iPET2, factors associated with not attaining CR were assessed using log binomial regression.
The regression models included age, sex, and variables with a crude P value , .2 (stage, iPET2 response, B symptoms). Bone, spleen, extralymphatic involvement, and site of lymphadenopathy were used to determine stage. Therefore, we considered stage over these variables in the regression model. Prognostic grouping was based on stage and B symptoms, which were therefore included instead of prognostic grouping. 27 
Ethics
Ethics approval was obtained from the Dr GVN Ethics Committee of the Dr GVN Cancer Institute (Tiruchirappalli, India; dated July 30, 2018) and the Ethics Advisory Group (EAG) of the International Union Against Tuberculosis and Lung Disease (Paris, France; EAG No. 29/18; dated June 11, 2018) . Because the study involved review of patient records (secondary data), a waiver for informed consent was sought and approved by the ethics committees. Administrative approval was obtained from collaborative institutions before study initiation.
RESULTS
Baseline Characteristics
The baseline characteristics and staging profiles of 409 patients are summarized in Table 
Prognostic Grouping and Treatment Profile
Stage, prognostic grouping, risk stratification, and treatment profile details are summarized in Tables 2 and 3 and Figure 1 . Of 409 patients with HL, 259 (63.3%) underwent PET-based and 150 (36.7%) underwent CT-based initial staging evaluation. Stage IV (28.9%) and bone involvement (9.2%) were more often seen with PET-based staging than with CT-based staging (9.2% and 2%, respectively; data not shown). Per prognostic grouping, 120 patients (29.3%) had early-stage and 289 (70.6%) had advanced-stage disease.
A median of 6 cycles of chemotherapy was administered to patients with both early-(range, 2-8 cycles) and advancedstage disease (range, 4-8 cycles). Combined-modality treatment was administered to 52 patients (43.3%) with early-stage disease and 50 (17.3%) with advanced-stage disease. Of the 52 patients with early-stage disease, 5 received 20 Gy of involved-site RT (ISRT) along with 2 ABVD cycles, and the remaining patients received 30 Gy of ISRT as a partial combined-modality treatment. The patients with advanced HL received 30 to 36 Gy of ISRT; the indications were bulky disease (n = 28), iPET2-positive sites (slow responders; n = 5), residual disease at the end of treatment (n = 14), and consolidation treatment of an extranodal site (n = 3).
Response Assessment
The results of interim and end-of-treatment response assessments after the end of first-line therapy are summarized in Table 4 . Interim response assessment was performed Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; HL, Hodgkin lymphoma. a Including AVD (doxorubicin, vinblastine, and dacarbazine), COPP (cyclophosphamide, vincristine, procarbazine, and prednisone) protocol, hybrid regimen, and definitive radiotherapy. One patient missed the interim assessment and directly underwent the end-of-treatment assessment. CR rates at interim and end-of-treatment assessments were 72.9% and 75.3% with PET and 39% and 73.5% with CT imaging, respectively. On follow-up of patients achieving CR with interim PET scan (n = 204), 186 (91.1%) were alive and disease free, 12 (5.8%) had a relapse, 2 had PD, and 4 were receiving treatment. Among patients achieving CR on interim CT scan (n = 50), 44 (90%) were alive and disease free, 5 (10%) had a relapse, and 1 was receiving treatment. Of the 93 patients not achieving CR (based on either PET or CT) at the end of first-line therapy, 66 achieved CR at a later date with further salvage therapy.
iPET2 Response Assessment and Treatment Modification
Among the 409 patients, 171 (41.8%) underwent iPET2. Figure 2 shows the outcome of all patients who underwent the iPET2 scan. Of these 171 patients, 130 (76%) achieved CR and 41 (24%) did not. None of the baseline factors significantly predicted iPET2 response (data not shown). On follow-up of patients achieving CR (n = 130) on iPET2, 118 (90.7%) were alive and disease free, 7 (5.3%) had a relapse, 2 had PD, and 3 were receiving treatment. Among patients not achieving CR (n = 41), 28 (68.2%) were alive and disease free, 8 (19.5%) experienced treatment failure, 3 (7.3%) had PD, 1 had a relapse, and 1 was receiving treatment.
Among patients not achieving CR (n = 41), dose escalation was administered to 4 patients, of whom 3 received BEACOPP-14 and 1 received EB. Of these 4 patients, 3 achieved CR and 1 had PR status at the end of treatment; on the last follow-up, 2 continued to remain in CR, 1 experienced a relapse, and 1 had PD. Of 130 patients with CR on iPET2, dose de-escalation to AVD was performed for 8 patients (6.1%), of whom 5 achieved CR, 1 experienced a relapse, and 2 were receiving treatment.
Toxicity
The most common acute toxicity was grade IV febrile neutropenia, seen in 22 patients (5.7%) receiving ABVD, 3 patients receiving EB (100%), 3 receiving BEACOPP-14 (100%), and 1 receiving COPP (100%). Bleomycin toxicity was seen in 21 patients (5.1%), of whom 19 required hospitalization and 1 died. Four patients with HL developed doxorubicin-related cardiotoxicity with no documented death. Dose modification because of treatment toxicity was required in 28 patients (7.2%) receiving ABVD, 3 receiving EB (100%), 1 receiving BEACOPP-14 (33.3%), and 1 receiving COPP (100%).
Survival
Of the total 1,154 person-years of follow-up, 74 events were documented, translating to an incidence rate of 6.4 (95% CI, 5. The median duration of follow-up was 2.8 years (interquartile range, 0.75-4.25 years), and the 2-and 5-year EFS rates for the entire cohort were 82% (95% CI, 78% to 86%) and 78% (95% CI, 73% to 83%), respectively. The 2-and 5-year OS rates for the entire cohort were 98% (95% CI, 96% to 99%) and 97% (95% CI, 94% to 99%), respectively. Both 2-and 5-year EFS rates of patients with CR on iPET2 were 90% (95% CI, 84% to 95%), whereas these were 65% (95% CI, 46% to 79%) for patients not achieving CR. The OS rate of patients with CR on iPET2 was 99% (95% CI, 91% to 100%) at 2 and 5 years, and no death was reported among patients not achieving CR. Table 5 summarizes the unadjusted and adjusted associations of factors with EFS and OS. The survival curves stratified by the associated factors are shown in Figure 3 . On univariable analysis, sex, stage, and iPET2 response significantly predicted inferior EFS. On multivariable analysis, only response on iPET2 scan significantly predicted EFS (P , .000).
DISCUSSION
This study is the largest multicenter study to our knowledge from India that provides insights into the demographic profile, management, and outcome of patients with HL and the role of iPET2 as a predictor of EFS. A high proportion of patients had advanced-stage disease at presentation, and approximately three-fourths had EFS for 5 years after diagnosis. The iPET2 scan results were a strong predictor of Prior studies from India presented similar results with regard to age distribution, male/female ratio, and proportion of patients with advanced-stage disease on presentation. [13] [14] [15] [16] [17] [18] [19] [20] [21] The possible reasons for advanced-stage presentations are delay in diagnosis, which can be explained by late referral from primary care physicians, high incidence of tuberculosis leading to misdiagnosis, lack of financial assistance, and poor access to health care facilities. The high proportion of men may be because of women not seeking appropriate treatment.
By histopathologic subtype, both nodular sclerosis and mixed cellularity had nearly equal distribution, with no clear dominant pattern. Most studies from developed nations indicate nodular sclerosis is the most common subtype. 3, 27 In India, some studies showed mixed cellularity as the most common HL subtype, whereas others reported nodular sclerosis. [28] [29] [30] [31] A combined-modality approach was used in 43% patients with early-stage and 17% with advanced-stage HL. Despite recent studies showing superior efficacy of the combined-modality approach over chemotherapy alone in early-stage HL, 67% of our early-stage patients did not receive RT. [32] [33] [34] [35] This may be because of concern among practitioners regarding the longterm effects of RT. Omission of RT did not affect outcome in our study, because most of our patients with early-stage disease received 6 ABVD cycles instead of the standard 4 cycles. Similar findings on additional chemotherapy cycles negating the benefit of RT have been reported. 36, 37 Four of every 6 patients were evaluated with PET, and we observed a higher incidence of stage IV disease and skeletal involvement in PET-based staging than in CTbased staging. Similar findings have been reported in 102  69  49  27  18  12  8  8  4  2  0  Stage IV   133  88  67  51  36  25  14  9  3  3  1  Stage III   121  83  65  51  40  25  14  8  6  3  1  Stage II   53  39  34  28  18  15  12  6 other studies, where incorporation of PET resulted in stage changes in approximately 20% of patients, and half of these patients may require aggressive management. [38] [39] [40] Two-fifths of patients underwent iPET2, of whom 24% did not achieve CR. Similar results with iPET2 scans have been reported in the literature, and an Indian study of patients with advanced HL reported 16% not achieving CR with iPET2. 37, 40, 41 In our study, the reasons for not intensifying treatment in most patients despite not achieving CR on iPET2 could have been high cost, clinician choice, lack of supporting health care facilities, noncoverage under state insurance schemes, and patient preference. Similarly, deescalation after CR on iPET2 was seen in few patients.
EFS (probability)
Because of the lack of evidence supporting de-escalation, most clinicians preferred removing bleomycin only for patients at high risk of bleomycin toxicity, and all patients treated before 2016 had received bleomycin irrespective of iPET2 results. 26 In our study, the CR rate at the end of treatment was 75.3%, 5-year EFS rate was 78%, and 5-year OS rate was 97%. The better EFS rate compared with CR rate at the end of treatment can be explained by the practice of continuing first-line treatment with salvage chemotherapy followed by autologous transplantation in patients not achieving CR at the end of 6 ABVD cycles. Our 5-year EFS rate is comparable to those in other studies. [42] [43] [44] [45] Male sex, stage III disease, and iPET2 positivity predicted poor EFS. IPS-based risk classification (IPS7 and IPS3) into high-and low-risk groups did not show a significant difference in survival. Given similar results from recent studies, the significance of IPS as a predictor of outcome and its ability to risk stratify HL in the current timeframe is questionable. 7, 8 According to our results, we recommend performing PET for all patients with HL for both staging and response assessment at 2 months. We recommend using PET results after 2 cycles as a predictor of survival. Not achieving CR on iPET2 indicates poor prognosis, and such patients may benefit from more intensive treatment programs. Similarly, de-escalation could be considered in case of CR. The real-world effectiveness of this strategy needs to be assessed in future studies, especially in developing countries like India, where the cost and toxicity of EB keep clinicians from using it as first-line therapy. a particular site of disease noted by CT or physical examination, and PET scan is feasible for the patient, PET avidity can be used to determine whether a site is involved. If involvement of a site will change the patient's risk group or significantly alter the radiation therapy field, biopsy should be considered to document or exclude involvement.
AFFILIATIONS
4. Any focal mass lesion of a visceral organ (eg, liver, spleen, kidney) is considered lymphomatous in the absence of reasonable alternative explanation (eg, cyst, hemangioma, abscess), unless too small to characterize. Lesions too small to characterize are indeterminate unless follow-up studies allow characterization or tissue sampling is performed. Hepatosplenomegaly is not considered involvement of the organs with lymphoma but can instead result from cytokine production.
A measurable lesion by
CT is a lesion that can be accurately measured in 2 orthogonal dimensions. Nonmeasurable assessable lesions include permeative bone lesions, malignant ascites, malignant effusions, lymphangitic spread, and lesions too small to accurately measure in 2 dimensions by CT. Measurable lesions up to a maximum of 6 lesions in total, representative of all involved organs, will be measured as target lesions at baseline and observed for response. Target lesions will be selected on the basis of size (eg, largest lesions) and suitability for accurate repeated measurements by imaging or clinical examination. Size is to be recorded using metric notation. Lesion size is expressed as the product of the perpendicular diameters (PPDs) and serves as a surrogate measurement of area with dimensions of square centimeters. The PPD is obtained by multiplying the longest diameter of the lesion by the maximal diameter perpendicular to the longest diameter. The sum of the PPDs is obtained by adding the PPDs of all measurable lesions. 6 . All nonmeasurable assessable lesions should be recorded and noted at follow-up. 
